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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic hastened

Background: The coronavirus disease 2019 (COVID-19) pandemic has spurred the rapid adop-
tion of telemedicine. However, the reproducibility of face-to-face (F2F) versus remote videocon-
ference-based cognitive testing remains to be established. We assessed the reliability and
agreement between F2F and remote administrations of the Abbreviated Mental Test (AMT),
modified version of the Chinese Mini-Mental State Examination (nCMMSE), and Chinese Fron-
tal Assessment Battery (CFAB) in older adults attending a memory clinic. Methods: The partici-
pants underwent F2F followed by remote videoconference-based assessment by the same as-
sessor within 3 weeks. Reliability was evaluated using intraclass correlation coefficients (ICC;
two-way mixed, absolute agreement), the mean difference between remote and F2F-based as-
sessments using paired-sample t-tests, and agreement using Bland-Altman plots. Results: Fif-
ty-six subjects (mean age, 76+5.4 years; 74% mild; 19% moderate dementia) completed the
AMT and mCMMSE, of which 30 completed the CFAB. Good reliability was noted based on the
ICC values—AMT: ICC=0.80, 95% confidence interval [Cl] 0.68-0.88; mCMMSE: ICC=0.80, 95%
Cl 0.63-0.88; CFAB: ICC=0.82, 95% Cl 0.66-0.91. However, remote AMT and mCMMSE scores
were higher compared to F2F—mean difference (i.e., remote minus F2F): AMT 0.3+1.1, p=0.03;
mCMMSE 1.3+2.9, p=0.001. Significant differences were observed in the orientation and recall
items of the mCMMSE and the similarities and conflicting instructions of CFAB. Bland-Altman
plots indicated wide 95% limits of agreement (AMT -1.9 to 2.6; mMCMMSE -4.3 to 6.9; CFAB
-3.0 to 3.8), exceeding the a priori-defined levels of error. Conclusion: While the remote and F2F
cognitive assessments demonstrated good overall reliability, the test scores were higher when
performed remotely compared to F2F. The discrepancies in agreement warrant attention to pa-
tient selection and environment optimization for the successful adaptation of telemedicine for
cognitive assessment.
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gating the risks of exposure.]‘z) However, despite the growing pres-
ence of telehealth services, limited data exists regarding the validity

of telemedicine-based cognitive testing, particularly in cognitively

the shift to telemedicine to maintain continuity of care while miti- impaired older adults.
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Previous studies have described the utility of telemedicine for
the diagnosis of dementia.” Others have evaluated the reliability of
the remotely administered Mini-Mental State Exam (MMSE)4)
and the Montreal Cognitive Assessment tool (MoCa); however,
these studies were predominantly conducted in younger individu-
als or specific clinical conditions such as post—stroke.s) Moreover,
few studies have evaluated a battery of telemedicine-based cogni-
tive tests in the vernacular of Asian populations, particularly in old-
er adults with cognitive impairment. In this regard, it is important
to establish the reliability and agreement between telemedi-
cine-based and face-to-face (F2F) cognitive assessments to sup-
port the validity of remote cognitive testing in older adults in

) or in other set-

preparation for future public health emergencies’®
tings where distance limits access to timely healthcare.

Therefore, we aimed to determine the reliability and agreement
between F2F and remote videoconference-based assessments of
three commonly used cognitive screening tools; namely, the Ab-
breviated Mental Test (AMT), the modified version of the Chi-
nese MMSE (mCMMSE), and the Chinese Frontal Assessment
Battery (CFAB), among older adults with known or suspected

cognitive impairment.
MATERIALS AND METHODS

Participants and Setting

We recruited 60 community-dwelling older adults presenting with
known or suspected cognitive impairment using a convenience
sample of patients attending a tertiary hospital memory clinic. The
ethics committee of the National Healthcare Group Domain Spe-
cific Review Board reviewed and approved this study (No.
2020/00609).

Inclusion and Exclusion Criteria

We included participants aged 65 years and older who could un-
derstand English or Mandarin and could independently use
WhatsApp Messenger video calls (https://whatsapp.com), or had

Table 1. Cognitive tests adapted for videoconferencing
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caregivers to assist them. We excluded individuals with severe
hearing or visual impairments or those with severe behavioral and

psychological symptoms precluding assessment.

Data Collection

The participants completed two visits, an F2F visit followed by a
remote assessment, scheduled 2—3 weeks after the F2F visit. The
AMT and mCMMSE were performed by trained nurses specializ-
ing in cognition and memory disorders, followed by an assessment
of CFAB by a physician running the memory clinic. For each par-
ticipant, the same nurse and physician performed the F2F and re-
mote assessments. All raters underwent standardization training
before the study:

Upon consenting to the study, all participants and their caregiv-
ers (if present) were briefed on the conditions under which video-
conferencing would occur. An information sheet was provided that
described a standardized setting with adequate lighting; absence of
visual orientation cues such as clocks, watches, or calendars; and a
quiet environment.

We collected baseline demographic data (age, sex, education lev-
el, and first language). Dementia diagnosis using the Diagnostic
and Statistical Manual of Mental Disorders fourth edition (DSM-
IV) criteria and severity using the locally validated Clinical De-
mentia Rating (CDR) ? were rated by the participants’ physicians.

Cognitive Assessment

Various items on the cognitive tests were adapted for telemedicine,
including clarifying the phrasing of questions and accommodating
the different locations of the participants and assessors during re-
mote assessment (Table 1). Modifications were also made to the
three-stage command and the “read and obey” items of the mC-
MMSE to avoid participant responses outside of camera view. For
the CFAB, the final item, “environmental autonomy,” was omitted
because it necessitates physical contact between the assessor and
the participant. This was also supported from the psychometric

standpoint, as this item loaded poorly and, when removed, im-

Face-to-face

Videoconference-based

Where are you now?
What floor are you on now?

In which estate are you now?

Three-stage command: “Take this piece of paper, fold it in half, and put it on the “Take this piece of paper, fold it in half, and hold it in front of you.”

AMT Where are we now?
mCMMSE  What floor are we on now?
In which estate are we?
floor”
"Read and obey: Raise your hands."
CFAB Question 6 “Prehension behavior: Do not take my hands?”

“Read and obey: Close your eyes””

Removed Question 6.

AMT, Abbreviated Mental Test; mnCMMSE, modified version of the Chinese Mini-Mental State Examination; CFAB, Chinese Frontal Assessment Battery.
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proved the internal consistency of FAB.” Thus, the final scores for
both the F2F and remote CFAB excluded this item.

Statistical Analysis

For a hypothesized intra-class correlation (ICC) between remote
and F2F assessments of 0.80" against a null value of 0.60 and an
alpha value of 0.05, a minimum sample size of 50 participants was
required to achieve a power of 0.80.

We analyzed the reliability of the remote and F2F assessments
based on ICC values (two-way, mixed, absolute agreement).'” Val-
ues <0.5 indicated poor reliability, 0.5-0.75 moderate reliability,
0.75-0.9, good reliability; and > 0.9 excellent reliability.*’ Differ-
ences between F2F and remote cognitive scores were also exam-
ined using the paired samples t-tests. We then evaluated the agree-
ment between the F2F and remote scores using Bland-Altman
plots. These plots illustrated the agreement between F2F and re-
motely administered measures of each cognitive test by plotting
the differences between F2F and remote scores against the mean.
The two horizontal dotted lines indicate the 95% limits of agree-
ment, which were estimated by the mean difference + 1.96 times
the standard deviation of the differences.

The a priori-defined acceptable limits of agreement were +1,
+2,and *2 for AMT, mCMMSE, and CFAB, respectively. These
limits were based on previous data demonstrating a minimal clini-
cally important difference (MCID) of >1 for AMT"; for the
MMSE, the reported MCID ranges from 1 to 3'”; thus, an average
of 2 was used. Limited information exists on the MCID for CFAB;
therefore, a consensus was reached to define a score difference of
> 2 as having a significant effect on clinical outcomes.

The data were analyzed using IBM SPSS Statistics for Windows,
version 27.0. (IBM Corp., Armonk, NY, USA) and MedCalc for
Windows, version 20.013 (MedCalc Software, Ostend, Belgium).

RESULTS

Of the 60 participants who consented to participate in this study,
56 (93.3%) completed both the F2F and remote assessments.
Four participants were unable to complete the remote assess-
ment—change of mind by participant and family (n =2), caregiver
unable to commit to assisting the participant (n=1), dental condi-
tion (n=1). Thirty participants completed both the F2F and re-
motely administered CFAB. The mean * standard deviation dura-
tion between F2F and remote assessments was 17.7 3.2 days.
Thirty-eight participants (68%) required assistance from their
caregivers for the remote assessment.

Table 2 shows the demographic and clinical characteristics of
the study population. Most of the participants were female and of

Chinese ethnicity. The mean education level was 8.38 +4.2 years,
corresponding to a secondary school level. Cognitive tests were
conducted in English for 30 participants (53.6%) and Mandarin
Chinese for 26 (46.4%). Almost half of the participants had a
pre-existing diagnosis of dementia, with Alzheimer’s dementia
(AD) the primary etiology in 21 participants (78%). Dementia
was rated based on the CDR scale, with most cases of mild severity.

Table 3 shows the mean differences between F2F and remotely
administered AMT, mCMMSE, and CFAB, with their respective
ICC values. Participants scored higher during remote testing than
during F2F for AMT and mCMMSE, with AMT significantly
higher by 0.3+1.1 (p=0.029) and mCMMSE by 1.3+2.9
(p=0.001). No significant differences were observed between
F2F and remotely administered CFAB mean scores.

All three assessments demonstrated good to excellent levels of

Table 2. Demographics and baseline characteristics

Characteristic Value
Age (y) 76.0+5.4
Years of education 8.38+4.20
Global CDR 0.78+0.45
CDR sum of boxes 32£28
Sex, female 31(554)
Ethnicity
Chinese 51(91.1)
Malay 1(1.8)
Indian 3(54)
Others 1(1.8)
Language
English 30(53.6)
Mandarin 26 (46.4)
Educational level
No formal education 3(54)
Primary 19(339)
Secondary 21(37.5)
Tertiary 13(232)
Dementia diagnosis 27 (48.0)
Primary etiology of dementia
Alzheimer’s dementia 23(85.0)
Vascular dementia 2(74)
Mixed Alzheimer’s dementia with stroke disease 1(3.7)
Others 1(3.7)
Dementia severity
Mild 20 (74.0)
Mild-moderate 2(7.0)
Moderate 5(19.0)
Advanced 0(0)

Values are presented as meantstandard deviation or number (%).
CDR, Clinical Dementia Rating.
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Table 3. Mean differences and ICCs for each cognitive test
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Face-to-face Videoconference Mean difference p-value ICC (95% CI)
AMT (n=56) 81+19 85+18 03+1.1 0.029 0.80 (0.68-0.88)
mCMMSE (n=56) 20.1+4.9 214+4.7 1.3+£29 0.001 0.80 (0.63-0.88)
CFAB (n=30) 10.8+2.8 11.2+3.0 04+1.7 0.220 0.82 (0.65-0.91)

Values are presented as mean+standard deviation.

AMT, Abbreviated Mental Test; nCMMSE, modified version of the Chinese Mini-Mental State Examination; CFAB, Chinese Frontal Assessment Battery; ICC,

intra-class correlation coefficient; CI, confidence interval.

reliability, with ICC values of 0.80 (95% confidence interval [CI]
0.68-0.88), 0.80 (95% CI 0.63-0.88), and 0.82 (95% CI 0.65-
0.91) for AMT, mCMMSE, and CFAB, respectively.

Table 4 shows the differences in the F2F versus remote mC-
MMSE and CFAB scores by domain. For mCMMSE, the partici-
pants scored 0.8+ 1.5 (p<0.001) and 0.6+ 1.0 points (p < 0.001)
higher during remote assessment in the orientation and recall do-
mains, respectively. For CFAB, participants scored 0.5+ 0.9 points
higher (p=0.006) for the similarities item and 0.3+0.7 points
higher (p=0.026) for the conflicting instructions item.

Bland-Altman plots for AMT, mCMMSE, and CFAB are shown
in Fig. 1A, 1B, and 1C, respectively. Almost all individual plots
were within the 95% limit of agreement for all three cognitive tests.
We observed evidence of systematic bias (remote minus F2F
scores), with the overestimation of remote mCMMSE (bias = 1.3,
95% CI -4.3 to 6.9) and AMT scores (bias=0.3,95% CI -1.9 to
2.6), as shown in Table 3. The 95% limits of agreement were wide,
ranging between -1.9 to 2.6 for AMT, -4.3 to 6.9 for nCMMSE,
and -3.0 to 3.8 for CFAB, exceeding the a priori-defined levels of
error. Notably, there were five outliers (test scores that exceeded
the 95% limits of agreement) for AMT, three outliers for mC-
MMSE, and one outlier for CFAB. Though not reaching statistical
significance, when compared to non-outliers, outliers showed a
trend towards older age (78.9 £4.1 vs. 75.5% 5.5 years, p=0.60),
greater severity of cognitive impairment (CDR global scores
1.1+£0.7 vs. 0.7+ 0.4, p=0.82; CDR sum of boxes scores 5.1+3.3
vs. 2.84+2.6, p=0.71), and lower educational levels (7.3+ 5.9 vs.
8.6+ 3.8 years, p=0.35).

DISCUSSION

The present study adds to the growing body of evidence examin-
ing the validity of telemedicine for cognitive assessment in older
adults. To our knowledge, this is the first study evaluating remote
CFAB assessment. Specifically, remote videoconferencing-based
administration of AMT, mCMMSE, and CFAB showed good reli-
ability but only fair agreement with the F2F assessment. A small
but significant bias was observed for AMT and mCMMSE be-

tween both assessment modalities, with remote scores higher than
those of the F2F-based assessment. We also found wide limits of
agreement for all three cognitive tests, exceeding our predefined
limits for maximum acceptable differences. These were, in part,
driven by outliers with extreme differences, particularly for the
mCMMSE. When analyzed by cognitive domains, participants
demonstrated higher scores via remote testing in the orientation
and recall items of the mCMMSE and the similarities and conflict-
ing instructions items of the CFAB.

Our findings demonstrating good reliability between F2F and
remote cognitive testing are consistent with those of prior tele-
health studies. Remote MMSE showed an excellent ICC of 0.905”
and a high correlation (r=0.90) with F2F administration.”” How-
ever, Loh, et al."” also found wide 95% limits of agreement, rang-
ing from -3.9 to 4.5, a finding also consistent with ours. Further-
more, we observed higher remote AMT and mCMMSE scores
than that of those administered F2F. The possible explanations for
this discrepancy include practice effects, which cannot be eliminat-
ed entirely. To mitigate this, we chose an interval of 2-3 weeks be-
tween F2F and remote assessments, as reported previously.'” This
time interval sought to balance the possibility of practice effects if
the second visit was scheduled too close to the first and to avoid
longitudinal changes in test scores if repeat tests were spaced too
far apart.””" In support of this time interval, a previous study
demonstrated the stability of the MMSE for up to 6 weeks.'”
However, future studies may counterbalance the order of F2F and
remote assessments to minimize practice effects.

The higher scores observed during the remote assessment may
also be attributed to the cues or prompts provided by the caregiv-
ers in our study. To preempt this, we conducted briefings before
the remote assessments to ensure a quiet and distraction-free envi-
ronment for videoconferencing. Nonetheless, for individuals with
the largest discrepancies between the remote and F2F assessments,
we observed that caregivers frequently prompted participants out-
side the camera field of view. In addition, the presence of environ-
mental cues (clocks and calendars) may be another plausible rea-
son for the higher remote testing scores, as reflected in the signifi-
cantly better performance in the orientation domain when admin-
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Table 4. Differences in face-to-face versus remote mCMMSE and CFAB scores by domain

Domain Face-to-face Videoconference Mean difference p-value

mCMMSE
Orientation 5.5+22 6.3+1.7 0.8+1.5 <0.001
Registration 3.0+0.1 3.0+0 02+0.1 0.320
Attention 29+1.8 31+1.7 03+13 0.130
Recall 11+1.1 1.6+12 0.6£1.0 <0.001
Language 7.0+1.2 6.8+1.2 -02+1.2 0.200
Visuospatial 0.7£0.5 0.5£0.5 -0.1+£0.6 0.110

CFAB
Similarities 1.7+0.9 22+£1.0 0.5£09 0.006
Category fluency 23%0.6 22+0.7 -02£0.6 0.170
Motor series 26%09 2.5+0.8 -0.1+£1.0 0.480
Contflicting instructions 23%1.0 2.6+09 03+0.7 0.026
Go-no-go 19£1.0 1.8+1.0 -0.1£0.8 0.650

Values are presented as meanzstandard deviation.
mCMMSE, modified version of the Chinese Mini-Mental State Examination; CFAB, Chinese Frontal Assessment Battery.
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istered remotely. These findings underscore the need for an opti-
mal environment for valid telehealth assessment.

The results of our study highlight the importance of employing
various measures of reliability and agreement for the comprehen-
sive evaluation of validity. While many studies have reported good
correlations between remote and F2F assessments, high correla-
tions are not synonymous with a good agreement and may fail to
detect systematic bias, as observed in our study. Moreover, inter-
preting the ICC remains challenging owing to its inherent charac-
teristics, which are largely determined by the heterogeneity of the
sample such that when variance is high, the ICC is likely to be high,
and vice versa.”” In our study, the wide range of mCMMSE scores
may in part explain the high ICC estimates but do not necessarily
reflect reliability and agreement between remote and F2F assess-
ments. In contrast, the Bland-Altman plots provided a visual as-
sessment of bias and agreement, enabling the analysis of individual
data points and identifying outliers with large degrees of disagree-
ment. Identifying outliers also allowed for further analysis to eluci-
date the reasons for the large discrepancies between remote and
F2F assessments.

The present study evaluated the CFAB adapted for telemedi-
cine, which incorporates motor tasks, including finger tapping and
copying a series of hand movements. While the 95% limits of
agreement for CFAB exceeded the a priori defined levels, our re-
sults still indicated that cognitive tests with motor components
might be feasibly completed in a telehealth setting. To adapt the
CFAB for remote administration, we omitted the final “environ-
mental autonomy” item, which involved placing the examiner’s
hands out and instructing the patient not to touch them, and ob-
serving for abnormal behavior such as imitation, utilization, and
prehension behavior. Omitting this item is unlikely to significantly
affect the validity of the CFAB, as demonstrated in a study reveal-
ing its limited utility in early cognitive impairment due to a ceiling
effect present from normal to early dementia.”

The strengths of this study include its use of various measures of
reliability and agreement in a single study to evaluate validity with
a sample size adequately powered for the primary objective. We
also used consistent raters between subjects and standardized the
testing procedures before commencing the study to minimize vari-
ability. We did not require the use of additional equipment beyond
the participants’ smartphones. However, the limitations of our
study include the lack of data on hearing and visual impairments
and their impact on our results. Factors such as mood or behavior
that may have influenced remote cognitive testing were not as-
sessed in this study. Furthermore, our results are not generalizable
to older adults from community-based populations with normal
cognition or at moderate to advanced stages of dementia. More-
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over, as our sample included individuals with access to smartphone
devices, stable network connectivity, or caregivers who were avail-
able to assist (38 of the 56 participants needed caregivers), we were
also unable to generalize our results to older adults across the spec-
trum of socioeconomic status and familiarity with technology.

Our study adds to the body of evidence evaluating the validity of
telemedicine-based cognitive assessment, particularly in older
adults with cognitive impairment. We also provide results from a
“real-world” implementation of telemedicine in a clinical setting
during the COVID-19 pandemic. Given the potential clinical and
medicolegal ramifications of cognitive testing results, our results
suggest that providers should cautiously adopt telemedicine-based
cognitive assessments, with careful attention paid to ensure a con-
ducive environment in which remote testing can occur. Neverthe-
less, during a pandemic that has disproportionately affected older
adults, telemedicine serves an important need to maintain conti-
nuity of care in settings that face disruption of essential medical
services. Further studies are needed to establish the validity of tele-
medicine for dementia diagnosis and treatment in a larger sample,
evaluate the acceptance of telehealth in older adults, and increase

access to telehealth services.
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